The genome of folate metabolism (FM) plays a great role in metabolic processes of the human body [1] . It is important to determine its connection with pathological processes widely spread among the population living in areas of the Belarusian-Ukrainian Polesie under conditions of radiation exposure [2, 3] and marked iodine deficiency [4] . In particular, this relates to thyroid diseases reported among children and adults 30 years after the Chernobyl nuclear power plant (CNPP) accident. The aim of this study was to determine the role of the genome of folate metabolism in the formation of triiodothyronine (Т 3 ) in children living in areas affected by the CNPP accident.
Material and methods
The study was conducted in Ukraine with the support of the Children of Chernobyl association (France). 67 children (26 boys and 41 girls) from Polessky and Ivankovsky districts of Kyiv region located near the CNPP underwent laboratory and instrumental examination. According to data of dosimetry certification of settlements, the territory of the raions has remained contaminated with radioactive substances after the Chernobyl accident until the present day (having the 137 Cs soil contamination density of 0.17 up to 1.9 Cu/km 2 ) [2] .
The children's average age at the time of examination was 11.7 ± 0.33 years (95 % CI 11.02-12.35 years).All the children who attended school had blood drawn from the ulnar vein after fasting in the morning. The blood samples were analysed at a laboratory certified under quality standards with the agreement of the parents. Thus, we assessed blood levels of free Т 3 and the state of the genetic system of FM. Т 3 concentrations were determined using an electrochemiluminescent immunoassay (ECLIA) method. Analyser and test kit: Cobas 6000; Roche Diagnostics (Switzerland).
The following allelic variants were identified during genetic analysis of FM: С677Т and А1298С of the MTHFR gene (synthesis of the methylenetetrahydrofolate reductase enzyme), A2756G of the MTR gene (synthesis of the В 12dependent methionine synthase enzyme) and A66G of the MTRR gene (synthesis of the methionine synthase reductase enzyme). A real-time PCR method was used. Analyser and test kit: DT-96 detecting thermocycler, DNA-Technology (Russia).
In the course of the study, we compared proportions of cases with blood Т 3 concentrations > 4.8 pg/ml in groups of children with carriership of and the absence of risk alleles of the FM genetic polymorphisms under analysis.
The statistical processing of the results obtained was performed using the IBM SPSS Statistics 22 software (USA). The arithmetic mean (М), ± standard error of mean (m), confidence interval for the mean value (95 % CI), median (Me), interquartile range (IR), minimum and maximum parameter values and percentiles were calculated for the variables analysed. The statistical significance of variables was assessed by determining a significance level for p with the help of the statistical software programme.
The Student's t-test was used to compare relative values. The critical level of significance for the null hypothesis (p) was set at 0.05.
Results and discussion
Previously conducted studies have shown a large number of children with genetic disorders of FM living in raions affected by the CNPP accident (Table 1) .
Increased blood Т 3 levels > 4.8 pg/ml were detected in 27 out of 67 children examined (40.3 %).
The proportion of cases with blood Т 3 levels > 4.8 pg/ml is statistically significantly higher in the group of children who are carriers of the G risk allele of the MTR:А2756G genetic polymorphism associated with the В 12 -dependent methionine synthase enzyme than in the group of children who have no this allele (MTR:2756 A/A genotype) ( Table 2 ).
It has been previously shown that in сhildren with the MTR:2756 GG genotype blood homocysteine levels are statistically significantly lower than in those with the MTR:2756 A/A genotype (Table 3) , and the proportion of cases of hyperhomocysteinemia is lower than in most groups of children with other folate metabolism genotypes (Table 4 ) [5] .
In addition, a strong inverse association was detected between homocysteine and vitamin В 12 , and there was a strong direct association between homocysteine and vitamin В 6 ( Table 5 ) [6] . A strong inverse association was found between vitamins В 6 and В 12 (Table 6 ) [7] .
The mentioned associations illustrate the possibility of the metabolic conversion of homocysteine to cystathionine, and then to cysteine involving the cystathionine β-synthase enzyme where vitamin В 6 is a cofactor. The subsequent binding of cysteine with selenium leads to the formation of selenocysteine which forms the active center of deiodinase 5-DI involved in conversion of Т 4 to Т 3 . Increased activity of 5-DI leads to enhanced formation of Т 3 , which in large quantities has a toxic effect on the vital systems of the body (hyperthyroidism), including the cardiovascular system [8] . In addition, an increase in the influence of the sympathoadrenal system on the heart and blood vessels occurs, in particular, through increasing the number of в-adrenergic receptors in the heart muscle and increasing the rate of noradrenaline turnover in synapses.
Moreover, the effect of T 3 on the cardiac activity manifests itself through genomic mechanisms of regulation of the synthesis of Na + , K + -ATP-ase, atrial natriuretic hormone, alphaactin, and malate dehydrogenase. The permeability of sarcoplasmic reticulum membranes for Са ++ increases, which ensures a higher rate of release of the latter into the sarcoplasm. The permeability of plasma membranes of cells of the primary pacemaker changes. The activity of oxidativephosphorylation enzymes increases in mitochondria. At the same time, the heart rate increases. The occurring changes in hemodynamics by their nature adapt to increased metabolism. Not only tachycardia at rest and during sleep, but also cardiac arrhythmia is reported. Sinus tachycardia and arrhythmia are seen on ECGs [8, 9] . This results in abnormal cardiac activity. The role of folate metabolism genome in the formation of triiodothyronine in children living in areas affected … Note. Statistical differences between groups of children having А (genotype A/A) and G alleles of MTR:2756 genetic polymorphism (t = 2.44; p = 0.022411). Notes: H chomocysteine; * -сorrelation is significant at the 0.05 level; ** -сorrelation is significant at the 0.01 level. Note. * -сorrelation is significant at the 0.05 level.
In the presence of iodine deficiency, increased activity of 5-DI leads to acceleration of metabolism of Т 4 and worsening of the course of hyperthyroidism since the thyroid gland can not compensate for the accelerated metabolism of Т 4 . In relation to the T allele of the MTHFR:C677T genetic polymorphism this association was not detected [6, 7] .
Thus, the genetic block of conversion of homocysteine to methionine at the level of the В 12dependent methionine synthase enzyme in the form of the MTR 2756 G mutation activates the process of conversion of homocysteine to cysteine and selenocysteine and increased formation of Т 3 . As a result of this, there is a violation of the cardiovascular system.
Children with the mentioned genetic defect should be included in the risk group in terms of the possible occurrence of cardiac abnormalities in order to carry out the necessary preventive measures.
Conclusions

The proportion of cases of elevated blood levels of
triiodothyronine is statistically significantly higher in the group of children who are carriers of the G risk allele of the MTR:А2756G genetic polymorphism associated with the В 12dependent methionine synthase enzyme than in the group of children who have no this allele (MTR:2756 A/A genotype).
2. The formation of triiodothyronine is associated with the metabolic conversion of homocysteine involving vitamin В 6 as a cofactor of cystathionine β-synthase.
3. The cause of thyrotoxic effects with damage to the cardiovascular system may lie in high levels of homocysteine occurring due to impaired functioning of В 12 -dependent methionine synthase.
